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ABSTRACT 
Using  a 3 -ni vacuum spectrometer, absorption coefficients 
at tbc Lynisn-alpha line and its viclnity have been xernezsured of 0 
be$weeiz 17.7-4. 8 and 1217, 8 A. 
appa,rcilt do-trblet pcaks of the Lymaii-a1p?cm line, caused b y  self- 
absorption and separated by 0, 09 A, are pressure  independent at 
relatively low pressufe ( ~ 2 6 .  3 torr), 
2 
Coefficient.; a t  tkz wavelengths of the 
The absoi:ption coefficient at 
t h e  shorter wa-irelerigth peak is  0,304 .Ii- 0. 002 ern-'. and thak at the 3.onger 
-1 wavelength peak 0,278 f 0, 003, ci-n 
window is located a t  about 1216. 0 A and i t s  value is 0,254 cm 
The minimum of the transmission 
-1 . 
d 
I -  
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2, INTRODUCTEON 
Absorption coefficients of 0 a t  the Lyman-alpha line, Ly-a, 2 
and i t s  vicinity a r e  of considerable importance in  the study of the upper 
atmosphere, because the Ly-0, line is located in one of the deepest 
transmission windows of 0 
Ly-a line at half-maximum is very  large,  01 the order  of 1. 0 A (Purcell  
et al, The coefficients in 'chis region have been studied by many 
investigators (Preston, 2940; Watanabe et al ,  
1954; Lee, 1355; Watanabe et  a2, 
and because the observed width of the solar 
2 
1960). 
1953; Ditchburn et al, 
1958; Metzger et al. 1964.; Shardanand, 
1967). 
tu-res  2,gree t o  witlnilz f 14%$ the coefficients mea suxed by a photoelectric 
method showed a Encar pressure  dependence. 
coefficients imeasw-sed by pln~t~grapbi~ methods c'ild no2 slzovi~ such a pres = *  
sure  e€fe ct 
out a t  relatively high. p ressures  of 0 2 
resolution equipment (less than 0.1 A )  with the Ly-a line o r  the hydrogen 
many line spectrwn as a background, 
Although the coepficients at the Ly-a line reported in the Litex- 
On the  other hand, the 
All  previous photoe Lectric inea snrerrients were c a r r i e d  
( ~ 2 1 0  torr) by using relatively I.ow 
In the present work2 the absorption eoeflicients of 0 a t  the 
2 
Ly-a Line and i t s  vicinity have been reinvestigated by using a high r e -  
solution spectrometer, relatively low- pressures  of 0 
with the Ly-a line and separately an argon contkuum as background. 
( ~ 2 6 . 3  t o r r ) ,  
2 
2. EXPERUMENTA L PROCEDLJRES 
A 3 -m vacuum monochromator equipped with a grating of 1200 
E i i e s / m r n  blazed at  2950 A was used. Reciprocal l inear dispersions were 
1.42 A / m m  in the second order and 0. 95 A / m m  in the t h i r d  order spectrum. 
2 
The discharge tube was an ordinary water cooled. TT-shaped tube wl'ch a 
LiF  wind-ow, F o r  an argon continuum source, argon gas was continuous- 
ly flowed through the tube and was excited by a aeon sign t ransformer,  
900 W, 15 KV, in combination with a 500 vpF capacitor and 3-mm 
air-blown spark gap. The argon pressure  was niaintaincd at 18 t o r r ,  
For the Ly-CL Erie source, a t race  of 13 
at about 4 t o r r*  
Pine both in the second and third order spectra vrithout any spectral  
gas was introduced into argon 
In this way, we were able t o  obtain a very clean Ly-a 
2 
interference. 
spectruni i s  shown in F ig .  1. 
the apparent doublet due t o  self-absorption, and these components 
were separated by 0. 09 A. 
An enlargement of the Ly-a line in the third order 
A s  seen in this figure, the line shows 
This separatioi? cou.ld be changed by the 
mixing ratio o i  13 -t A r  and the dischaxge condition, but- a separation 
01 0. 09 A was adopted throughout the present experiments. 
2 
For  the measurei-nent of the absoypticsn cocificients a t  &e 
Ly-a Line, an addiCi.osia1 absorption tube, 15 c m  long, was inserted 
between the entrance slit and the light souTce, 
1. 2 torr through this tube, it was used as  a fiI.'cer in order t o  m;.nin?-ize 
the d$ksociaiion of 0 
between. the entrance and exit slits and thus suppress the f o r m a t i o a  
of 0 a s  a secondary process. This f i l ter  action is, of course, due 
t o  the fact that 0 
UV region, except f o r  a few transmission windows, arzdkhus fi l ters 
out among othesP wavelengths any resfdual light f rom the source in 
the Schurnan-Runge regione 
By Ilowing 0 at 2 
along the absorption path within the spectrometer 
2 
3 
has very high absorption coefficieiits in the vacuum 2 
The spectroineter itself was used as  an absorption cell whose 
path length was 618 cm. 
Matheson Co.  , was introduced h t o  the spectrometer, and its pressure 
was measured by a diaphragm type pressure gauge (CVC, GHD-100) 
and an oil  nianonieter. Maximum pressures  wcre 6.  3 t o r r  axid 4. 75 
Exkra-dry oxygen gas, obtaiaed from the 
3 
t o r r  f o r  the measurements witch the Ly-a line and the argon continuum, 
respectively. 
The transmitted light was measured. behind the exit slit by a 
photomultiplier tube, type EM1 95145, attached behind a L iF  vrindow 
with sodium salicylate on i t s  back surface, Current f r o m  the tube 
was amplified by an electrometer and monitored by a 10 m V  str ip-  
chart re corder. 
For  the Ly-a line, the widths of both entrance and exit s l i ts  
were adjusted t o  21p, which corresponded t o  a band width o€ 0. 03 A 
in the second order and 0. 02 A in the third order.  
continu-um, both sl i ts  were adjusted to  50g which corresponded to a 
0. 07 A band width in the second order ,  
For the argon 
Absorption coeflicients, k9 are defined by the relati.on l n ( 6  /XI= 
0 
l a 9  where I 
in a path length x red.uccd to the standard cond 
torr... 
cell length and the subscript o re fers  t o  standard conditioiis. 
p ressure  range of the present experiments the absorption coelficient 
followed Beer 's  101-7 within experimental e r r o r .  Therefore, the c o d -  
and 1 a r e  l i gh t  intensities before and. after sbso1:ptioja 
0 
0 on5 of O C amd 160 
The red-uced- path is given by- 5:: =lpTo/Tpo, where 1 is th.e actual 
En the 
ficients %irere obtained f r o m  the slope of a styaight line in a plot of 
In(T /I) vs p. 
0 
3 .  RESULTS AND DISCUSSIGNS 
A s  seen in Fig 1 (b), the intensity of the shorter  wsvelength 
peak of the apparent doublet of the Ly-a line is stroioger than the 
other coniponent. 
wavelength component decreases  n7ore rapidly than the other as 0 
pressure  increases.  
second and third order agreed wibhin &e expc~iii-tental erroz's. 
However, in Fig. 1 (a), the intensity of the shorter 
2 
The measured coefiicients at the peaks in the 
The 
-1 -1 
values obtained a r e  0 .304  f 0. 002 crn and 0.278 f 0. 002 crn at 
the sh.orter and longer wavelength peaks r e  speckively. 
The coefficients of the transmission window f r o m  1214. 8 t o  
1217. 8 A region a r e  Listed in Table I at  0 .2  A intervals and a r e  shown 
in Fig.  2 togethcr with those at the Ly-a line. 
the table, the absorption c ross  sections calculated f rom (S = k/n a r e  
also listed, where 11 i s  Loschmidt's number (2.687~10~~ molecules/ 
cm ). 
in the table were calculated by X = h dz *Ah, where X 
Ax = 0.09 A: the separation of the apparent doublet components. 
Ti? the las t  column. of 
0 
0 3 
Wavelengths of the apparent dou-blet of the Ly-a line listed 
= 1215.6'91 A and 
0 0 
As shown in Fig.  2, the shape of the transmission window is 
very s-mooth, the shorter wavelength side is steeper than the other, 
and its nGniniu;m value is  0,254 cm at arowrrdt 1216. 0 A. For con?- 
parison with the present results, the coeii%cieiits obtained by Lee 
(1955) and Watanabe et al. (1958) a r e  also ploLted in the same figure. 
Preserit values at the sho:rter wavelength s i d e  ape larger  and those 
at  the longer wavelength side a r e  smal~l.ea: thai? the previous ones 
-1 
The center 01 the Ly-a line ;s loca'ccd a-bout 0.33 A below the 
minimum of the transmission windowp and the coeflicient of the shorter 
wavelength peak is about 10% higher than that of the other peak, even 
though their separation i s  only 0. 09 A,  Tlierefore, the apparent 
coefficient at  the Ly-a t h e  may change wikh the resolution 01 the 
apparatus and wi'ch the width oi  the Ly-a source line, i f  the resolu- 
tion is not high enough t o  separate the apparent doublet components. 
The measured absorption coef€icients of 0 at the Ly-a line 2 
a r e  summarized in Table 2, which includes the method of measure- 
ment and the p:r.essure range of 0 used. Ti? this table, (P)  indicates 2 
that the coeilizient was pressure dependent. However, as also seen 
in the table; the pressure  dependent ineasuremen'is were carried out 
5 
a t  relatively high pressures  compared with those which were pressure  
independent. The coefficients measured by Vfatanabe et a le  (19581, 
o r  m.ose ~ecent1.y by Shardanand ( l967) ,  increased at  a ra te  of 5. Ox10 
cm / to r r  or  4. 5x10 crn / t o r r ,  respectively. Therefore, the 
pressure  dependence is too small  to  be detected at  low pressures and 
the results shown in the table a r e  consistent in regard i o  the oboerva- 
-4 
-1 -4 -1 
t ioa  of pressure  effect. 
Preston (1940) suggested- that the pressure  broadening of the 
rotational lines of the 0 
sure  dependence of the absorption coefficient. 
dependence. has  been ascribed by Shardanand (1967) to  the for-matiori 
of the 0 n-~olecule. 
absorption bands may account for  the pres -  2 
Recently, the pressure  
We a r e  not in a position to  discuss the origin of 4 
I -  che press-u:! 3 dependence. Howeverp we can give the posittion of the 
rotational lincs of the 0 
in  question. 
we have analyzed the rotational structure of the Tanaka pyogres sion 
absorption band in  the transmission window 
J 2 
V e r y  z.ecedly, A l b e r t i  et al. (296 8) and independently 
in  this transmission window, Alberti et al, observed the rotational 
lines of the R-branch u-p to  N=25 and- we observed them up to  N=29. 
The observed and the calculated wavelengths of the rota'cional lines 
of the 
nient, a r e  the following: (N-33) 
S 
S R-branch which a r e  located in t he  region of the present experi- 
1215.61 A, (N=31)calc1216. 16A., calc 
(N=29) lE16.69 A, {N=27)obs1217. 20A, (Nr25)  1217,70 A,  (N=Z310bs ob s ob s 
1218.20A. 
in Fig. 2. 
(Kodak SWR),  but they a r e  not in evidence on the strip-chart  t race  
in the preseult experixnen-i: with a band w i d ' c l i  of 0. 07 A.  
The position of these lines i s  indicated by their N-numbers 
These lines a r e  quite sharp on the photographic plate 
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TABLES and FIGURES 
* Fig .  1. The Ly-a line spectrum in the third order.  
(a )  P res su res  of 0 are  0, 7, and 14 t o r r  from the top. 
(b) 
2 Exposure t imes a r e  90 seconds. 
Exposure times a r e  60,  10, and 2 seconds from the top., 
P r e s s u r e  of 0 is zero torr. 2 
Fig .  2. Absorption coefficiedxi of 0 in the range of 1214. 8-1217. 8A 2 Present  work, 0 ;  Watanabe, Mottl, and Sakai, x; Lee 
TABLE 1. Absorption Coefficients of 0 
i ts  Vicinity 
a t  the Lyman-alpha Line and 2 
TABLE 2 .  Absorption Coefficients of 0 a t  the Lyman-alpha Line 
2 
n 
CN 
I 
' 
F 2 3 7 4 
TABLE 1. Absorption Coefilcients of 0 a t  the 
Lyman-alpha and i ts  Vlcinl'cy 
2 
-20 2 
0(10 c m  ) 
1.217. 8 
1217.6 
1217.4 
Q 
1217.2 
1217. 0 
1216. 8 
1216.6 
1216.4 
1216, 2 
1.216. 0 
1215, 72>$ 
1215 63* 
1215.4 
1215.2 
1215. 0 
1214. 8 
0 .840  
0.732 
0.610 
0 .537  . 
0.450 
0.3'70 
0. 317 
0 .271  
0.259 
0 .254  
0 .278  
0. 304 ' 
0.409 
0. 542 
0.704 
1.000 
3.12 
2 .72  
2 . 2 7  
2 . 0 0  
1 .67  
1. 38  
1. 18 
1. O l  
0.963 
0 .945  
1. 03 
1.13 
2 . 0 2  
2 . 6 2  
3 .  72 
* The Lyman-alpha line 
TABLE 2. Absorpkion Coefficients of 0 a t  the Lyman-alpha Line 2 
Investigator 
b 
Preston (1940) 0. 28jP)a 1. 04 30-290 photoelectric, poly. 
Watanabe e t  al .  (1953) 0 .27(P)  1. 00 70-490 photoelectric, mono. 
Ditchburn e t  al. (1954) 0. 226 0. 84 -20 photographic, poly. 
b 
Lee (1955) 0. 23 0. 85 -23 photographic, poly. 
T'iratanahe et al. (1958) 0. 27(P)  1. 00 18-500 photoelectric, mono. 
Me'czger et al, (1964) 0.28CP) 1. 04 --I photoelectric, mono. 
Shardanand (196 7 )  0. 2 9 ( P )  1. 08 25-400 photoelectric, niono. 
Pr e sent Work 0.278 1. 03 1.2-6.  3 c photoelectric, poly. wiLh 
'0 .  304 1. 13 O2 filter 
a; (P) reiers to  observed pieessurc dependence. 13; mono. and poly. iiiliicate 
"monochr om atic" 07: I t  pol y e h r  om atic" l ight pas s lag ths: ough the ab s o rption 
cell. 
